Coliphage content of sewage collected from 11 different localities in Hong Kong was determined. The number of plaque-forming units (PFU) ranged from 0.036 X 103 to 15.9 X 10' per ml. In general, urban sewage tended to be richer than rural sewage both in PFU count as well as plaque morphological variation. Seventy-seven isolates were subjected to a host range study. Fifty per cent of these were able to grow on Escherichia coli K-12 as well as E. coli B. Approximately 32% were found to be male specific, and the remaining 18 % were K-12 specific although sex-indifferent.
Coliphage content of sewage collected from 11 different localities in Hong Kong was determined. The number of plaque-forming units (PFU) ranged from 0.036 X 103 to 15.9 X 10' per ml. In general, urban sewage tended to be richer than rural sewage both in PFU count as well as plaque morphological variation. Seventy-seven isolates were subjected to a host range study. Fifty per cent of these were able to grow on Escherichia coli K-12 as well as E. coli B. Approximately 32% were found to be male specific, and the remaining 18 % were K-12 specific although sex-indifferent.
Abundant occurrence of coliphages in sewage is generally recognized. However, no quantitative data on the density of coliphages in sewage appear to be available. Such information being of obvious importance for an understanding of bacteriophage ecology, we undertook to determine the density of coliphages in sewage from diverse sources in Hong Kong. Our findings form the subject of this communication.
MATERIALS AND METHODS Organisms. The bacterial and phage strains used are described in Table 1 .
Media. Liquid bacterial cultures were raised in tryptone broth which contained, in 1 liter of distilled water, 10 g of tryptone (Difco) and 5 g of sodium chloride (pH 7.2 before autoclaving). For agar overiay plates, bottom and top agars were prepared by the addition of 1.2 and 0.65 g, respectively, of agar (Difco) to 100 ml of tryptone broth. Streptomycin, when used, was added to give a final concentration of 200 ug per ml of medium. Tryptone broth was used as the diluent for sewage samples and for phage lysates.
Methods. General bacteriophage techniques were those described by Adams (1) . Sewage samples were collected from both rural and urban areas ( Male-specific DNA phage P. H. Hofschneider (9) MS2
Male-specific RNA phage Y. Ikeda (4) a Different bacterial and phage strains will be referred to by using the designations given under this column only. I Symbols: F+, male, carrying wild type sex factor; F-, female, free from sex factor; met-, requirement for methionine; strA, resistance to streptomycin; (X), lysogenic for temperate phage lambda.
RESULTS
PFU content of sewage. Data given in Table 3 show that each of the 11 samples tested had sufficient number of PFU values to be detectable by the methods used in this study. However, the range of PFU content was considerable, from 36 (sample VI) to 15,900 (sample VII) PFU per ml, giving a 441-fold difference between the poorest and the richest sample. It is interesting to note that, on the whole, urban samples had a higher PFU content than the rural samples; an average of 1.3 X 103 PFU per ml for five rural samples compared with an average of 4.8 x 103 PFU per ml for the six urban samples.
Eight samples were assayed both before and after chloroform treatment. The data given in Table 3 show that, in each instance, the PFU contents dropped after chloroform treatment. giving rise to plaque-like zones of lysis. These are free virions of coliphages, bacteria-harboring colicinogenic factor(s), bacteria lysogenic for one or more coliphages, and, perhaps less likely, phage-infected but unlysed bacteria. If it is assumed that a high level of resistance to streptomycin is uncommon among the bacterial flora of the studied samples and since streptomycin was incorporated in the assay plates, it is likely that the number of plaques given in Table 3 Table 5 show that 50% of the tested isolates Table 6 , are placed in the "turbid plaque" class. Others, placed in the "clear plaque" class, were characterized by larger and clearer plaques. We have found that, under the same experimental conditions, male-specific phages AE 2 and M13 produce "turbid" plaques. These two phages carry their genetic information in single-stranded deoxyribonucleic acid (DNA) and have cylindrical virion symmetry [AE2, (8) ; M13, (9)].
Plaques of MS2, another male-specific phage, resemble the plaques of "clear plaque" local isolates. This phage has a spherical virion symmetry and carries its genetic information in a single-stranded ribonucleic acid (RNA) molecule (4, 5) . Cheng and Dhillon (unpublished data) have found that all of the "turbid plaque" malespecific local phage isolates are inactivated by anti-AE2 serum but are unaffected by anti-MS2 serum. Conversely, "clear plaque" male-specific local isolates are inactivated by anti-MS2 serum but not by anti-AE2 serum. From these seological observations, it may be concluded that local isolates of the "turbid plaque" type are singlestranded DNA phages whereas those of "clear plaque" type are RNA phages. Data given in Table 6 show that both types of phages are common in Hong Kong sewage. However, RNA phages appear to be more widely distributed than the single-stranded DNA phages.
DISCUSSION
The quantitative data presented in the preceding section demonstrate a rather extensive distribution of coliphages in local sewage. Coliphages unable to form plaques on the K-12 strain used in these assays, namely, 58-161 (X), either due to their restriction or due to lysogenic immunity of the K-12 host cells, would not be recovered by the assay procedure adopted. Therefore, the actual PFU contents of the sewage samples are likely to be higher than those recorded. Although a variety of phage types have been shown to be present in all the sewage samples analyzed, it is interesting to note that out of 77 isolates studied in some detail only one appears to be of a temperate nature. It may be concluded, therefore, that virulent phages are far more widespread in nature as free virions than the virions of temperate phages. If, under natural conditions, temperate phages are predominantly present as prophage entities in the host cells, then plating of sewage samples without chloroform treatment on streptomycin-free medium may permit their detection.
The rural and the urban sites sampled differed from one another in many respects. For example, urban samples were probably better aerated from the faster flow of liquid. Also, they were shielded from the direct sunlight and had a much smaller quantity of inorganic matter when compared with DHIILON ET AL. Wide and frequent occurence of male specificphages as observed by us is to be expected in view of the large burst size of such phages, the insusceptibility of RNA genomes to any of the known mechanisms of host restriction (2) , and, as mentioned above, host range extending over many genera of the family ENTEROBACTERIA-CEAE.
